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Summary. The fungus metabolite cyclosporin A is a
small cyclic peptide acting as a novel antilymphocytic
agent. It is effective following either parenteral or
oral administration in mice, rats and guinea-pigs.
The suppressive effect after short and prolonged
treatment on plaque-forming cells, the inhibition of
the secondary humoral response and the reversibility
of its effect on haemagglutinin formation is demon-
strated. Cyclosporin A inhibits delayed hypersensi-
tivity skin reaction to oxazolone (primary and
secondary responses) in mice and to tuberculin in
guinea-pigs. Its failure to suppress antibody synthesis
to lipopolysaccharide antigens in nude mice suggests
a selective effect on T cells. High doses of the
compound affect the haemopoietic tissues very weakly
as shown by the bone marrow and stem cell numbers
in mice, which finding markedly contrasts with most
other immunosuppressive and cytostatic drugs.

INTRODUCTION

The fungus metabolite cyclosporin A (Dreyfuss,
Harri, Hofmann, Kobel, Pache & Tscherter, 1976)
represents a novel antilymphocytic agent. It is a
cyclic endecapeptide with several N-methylated
amino acids and one new amino acid (Ruegger,
Kuhn, Lichti, Loosli, Huguenin, Quiquerez & von
Wartburg, 1976; Petcher, Weber, & Ruegger, 1976).
As previously reported (Borel, Feurer, Gubler &
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Stihelin, 1976) cyclosporin A inhibits humoral
immunity as shown by the reduction of plaque-
forming cells and of haemagglutinin titres in mice.
It also suppresses cell-mediated immunity in such
models as skin graft rejection, graft-vs-host disease
and experimental allergic encephalomyelitis in
rodents. This agent proved highly active in the
treatment of chronic inflammatory reactions, but
exerted only weak myelotoxicity.
New results are presented which extend the

previous ones. The effects of short and prolonged
treatment with cyclosporin A on plaque-forming
cells were compared in rats. The secondary immune
response in both humoral and cellular immunity was
suppressed and the inhibitory effect on haemaggluti-
nin formation was highly reversible in mice. The
suppression of the tuberculin skin reaction in guinea-
pigs would indicate a direct effect on sensitized
lymphocytes; however, this finding was not valid for
another cell-mediated test (Borel, 1976). Cyclosporin
A does not seem to affect B cells, because antibody
production to lipopolysaccharide antigens was not
reduced in nude mice. Evaluation of bone marrow
cell counts and stem cell numbers in mice treated
with high doses of the compound further demon-
strate its selectivity for lymphocytes.

MATERIALS AND METHODS

Drugs
Since cyclosporin A (experimental designation OL
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27-400; Sandoz, Basle) is not water soluble, it was
routinely administered as a suspension in a 0 5%
solution of tragacanth. Reference compounds were
cyclophosphamide (Endoxan; Asta-Werke, Brack-
wede) dissolved in water, azathioprine (Imuran;
Burroughs Wellcome, London) suspended in traga-
canth, and phenylbutazone (Butazolidine; Ciba-
Geigy, Basle) dissolved in 5% NaHCO3 at about
600.

Animals
Male and female mice of 7-12 weeks of age from the
following strains were used: the part-inbred strain
SIM (Sandoz, Basle) was originally derived from a
white Swiss mouse line. The inbred strains C3H,
C57BL/6 and BALB/c, including the BALB/c nu/nu,
were purchased from Bomholtgard (Ry, Denmark).
Outbred OFA rats of both sexes were about 8-10
weeks old at the start of an experiment; outbred
guinea-pigs of both sexes had an initial weight of
250-400 g.

Assay for plaque-forming cells
The assay used to detect both direct (IgM) and
indirect (IgG2a) haemolytic plaque-forming cells
(PFC) has been described (Borel, 1974). Rats were
immunized on day 0 i.p. with 0 5 ml and mice i.v.
with 0 2 ml of a 10% suspension of washed sheep
erythrocytes (SE). To elicit a secondary response,
mice were boosted 8-11 weeks after the primary
immunization with an i.v. injection of 0-2 ml of
0 25% washed SE (107 cells).

Haemagglutination test
For the direct haemagglutination test, serum was
obtained from mice immunized with SE as described
above. Serum agglutinin titres were determined for
each individual animal with Takatsy's microtech-
nique (Takatsy, 1956) by serial two-fold dilutions.
The titres are expressed as-log2 .
Antibody formation to lipopolysaccharide anti-

gens (LPS) was assessed by passive haemagglutina-
tion using SE coated with LPS. Normal and nude
BALB/c mice were injected i.p. with one dose of 1 ug
of lipopolysaccharide B from E. coli 055: B5 (Difco,
Detroit, Michigan). The passive microhaemaggluti-
nation method consisted of a combination of the
techniques described by Takatsy (1956) and Anders-
son & Blomgren (1971). The final concentration of
coated SE was adjusted to 10% and non-sensitized
SE were included as controls. The antisera were

diluted in phosphate-buffered saline containing 0.2%
bovine serum albumin. The titre is expressed as the
10g2 of the reciprocal of the lowest antibody dilution
producing an unequivocal positive agglutination
pattern.

Skin hypersensitivity reactions
Delayed hypersensitivity reaction to oxazolone in
mice was performed according to Dietrich & Hess
(1970). Anaesthetized animals were sensitized by
painting the abdomen with 0 1 ml of a 3% oxazolone
solution in ethanol on day 0. The challenging dose
was applied on day 9 by painting the right ear with
0 05 ml of a 6% oxazolone solution in ethanol. Skin
thickness of both the right and the untreated left ear
was measured with a micrometric caliper 24 h later.
The mean difference in ear thickness between the
two ears was taken as the parameter for evaluating
the reaction. The suppressive index (SI) represents
the ratio of the mean difference of a treated group to
that of the corresponding controls. Some 40-50 days
after the primary response a secondary reaction was
elicited by painting the right ear in the same way as
described for the challenge in the primary test.

Tuberculin hypersensitivity reaction was assessed
in outbred guinea-pigs as described by Floersheim
(1965). Animals were injected i.d. in the left hind
paw with 0 1 ml of an emulsion consisting of lyophy-
lized BCG vaccine Berna (0-1-02 x 106 living
bacilli; Schweizerisches Serum- und Impfinstitut,
Bern) incorporated in Freund's complete adjuvant
(Difco, Detroit, Michigan). Four to six weeks later
the animals were challenged with an i.d. injection of
250 iu of tuberculin (Berna) in 0-1 ml of saline on
both flanks. The increase in thickness of the skin
fold at the reaction site was determined by measuring
the thickness immediately before and 24 and 48 h
after challenge. The average increase in skin thick-
ness was expressed in per cent of the original
measurement before challenge. Statistical signifi-
cance was determined according to Student's t-test.

Bone marrow cell counts
Bone marrow cell counts were made from a cell pool
of two mice each, i.e. the number of nucleated cells
derived from two tibiae and two femora suspended
in 1 ml of supplemented MEM (as used in the
following assay).

Assay for colony-forming stem cells
The assay for colony-forming cells (CFC) was
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performed in microplates containing 106 bone
marrow cells in semi-solid agar according to the
technique employed by Metcalf & Moore (1971).
Serum obtained 3 h after an i.p. injection of endo-
toxin from E. coli (Difco) to C57BL/6 male mice was
the source of the colony-stimulating factor. The
numbers of macrophage, granulocyte and mixed
colonies were evaluated after a 7 days culture period.

RESULTS

Inhibition of direct PFC in rats after short and pro-
longed treatment with cyclosporin A
The inhibitory effects of cyclosporin A on direct
(IgM) PFC in rats following either short or pro-
longed treatment were compared. Short treatment
consisted in administering the drug orally on 5
consecutive days, starting on the day of immuniza-
tion with SE and measuring the immune response on
day 5. For prolonged treatment the animals received
on the average 45 mg/kg cyclosporin A daily in the
food during 13 weeks. These rats were immunized 5
days before killing.
Experiment A in Table 1 shows that five doses of

cyclosporin A on consecutive days strongly depressed
direct PFC in rats in a dose-dependent manner.
Experiment B indicates that both short and pro-
longed treatment at comparable doses were equally
efficient in suppressing IgM PFC (over 99% inhibi-
tion). Therefore, long-term treatment did not induce
tolerance to the compound. It is also evident that

this latter treatment significantly reduced spleen
leucocyte counts by one-third. Short-term treatment
had variable effects. In experiment A the spleen cell
number was slightly increased, but in experiment B
a weak, although significant decrease was observed.
It is, however, obvious that the extent of PFC sup-
pression by cyclosporin A does not correlate with
the concomitant reduction in spleen cellularity.

Inhibition of direct and indirect PFC in the secondary
response in mice
The inhbitory effect of cyclosporin A on the primary
response ofIgM and IgG2a PFC in mice (Borel et al.,
1976), IgM PFC in rats (present paper) and in
squirrel monkeys (unpublished data) having been
demonstrated, its action on the secondary PFC
response was investigated in the mouse. This com-
pound reduced the direct PFC on day 3 when doses
were given both before and after the booster injection
of SE, but was ineffective when given only afterwards
(Table 2). Cyclophosphamide also suppressed the
IgM PFC response, but in contrast to cyclosporin A
also considerably decreased spleen cellularity.
Although both compounds clearly depress the
secondary PFC response (cyclophosphamide more
strongly than cyclosporin A), they appear to differ in
their mode of action.

It is further shown in Table 3 that cyclosporin A
markedly depresses both direct and indirect PFC in
mice on day 4. These results confirm the previous
assumption that optimal effects are attained when
the compound is administered before, at and after

Table 1. Inhibition of direct PFC in rats after short and prolonged treatment with cyclosporin A

Cyclosporin A Number Leucocytes per Direct PFC per Per cent
(mg/kg/day) of rats spleenx 106+ s.d. spleenx I0O+ s.d. inhibition

Experiment A
None 6 792+ 157 544+276 0
20 orally for 5 days 6 871+57 52+ 20 90

(P> 0-05) (P< 0 0025)
50 orally for 5 days 6 851+ 104 11+ 13 98

(P> 0 05) (P< 0 0005)
Experiment B
None 5 798+ 36 1390+ 737 0
50 orally for 5 days 7 678+ 115 3-4+ 1 9 99-8

(P< 0-05) (P< 0-0025)
45 in the food for 13 weeks 7 528+43 5-6+3-4 99-6

(P< 0 0005) (P< 0-0025)

The animals were immunized i.p. with SE 5 days before being killed for the assay.

N
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Table 2. Inhibition of the secondary direct PFC response to SE in mice

Oral dose Number Leucocytes per IgM PFC per Per cent
(mg/kg/day) of mice spleen x 106+ s.d. spleen x 106± s.d. inhibition

Controls
On days 0, I and 2 7 173+38 3-6+ 1-7 0

Cyclosporin A
300;ondays -2, -1,0, 1 and2 7 162+20 1-3+0-7 64

(P< 0-01)
300; ondaysO, I and2 7 182+43 3-1+2-1 16

Cyclosphosphamide
60; on days 0, 1, and 2 6 71+ 12 0 05+0 02 99

(P< 0 0005) (P< 0 0025)

Assay performed 3 days after i.v. booster injection of SE; spleens were assessed individually.

Table 3. Inhibition of the secondary IgM- and IgG-PFC response in mice with cyclosporin A

4 x 300 mg/kg p.o. Number Leucocytes per IgM-PFC per IgG2.-PFC per
days of treatment of mice spleenx 106+s.d. spleenx 103+s.d. spleenx 103+s.d.

Controls
Tragacanth
-3,-2,-1, 0 6 217+43 40+24 100+46

Cyclosporin A
-3,-2,-1, 0 7 219+21 17+14 (59)* 89+69 (11)

(P< 0 025)
-2, -1,0, 1 6 208+ 34 9-0+3-4 (78) 20+7 (80)

(P< 0 005) (P< 0 0025)
-1,0, 1,2 7 171+16 6-7+4-8 (83) 38+52 (62)

(P< 0-0125) (P< 0 0025) (P< 0 025)
0, 1, 2, 3 7 179+9 12+9 (71) 30+ 20 (70)

(P< 0 025) (P< 0-01) (P< 0-0025)

Direct and indirect assay performed on day 4 after intravenous booster injection of SE; mouse
spleens were assessed individually. Only P values < 0 05 are given.

* Inhibition expressed in per cent of controls.

the immunizing shot. Although spleen cell numbers
were significantly reduced in two experiments, the
reductions cannot account for the observed inhibi-
tory effects on the secondary response.

Reversibility of haemagglutinin suppression by cyclo-
sporin A in mice

The duration of the immunosuppressive effect of
cyclosporin A after in vivo administration was

investigated. Groups of mice were immunized with
SE either at the beginning, during or after cessation
of a 5 day treatment period according to the schedule
shown in Fig. 1. Serum haemagglutinin titres were

assessed on day 9. The values of the suppressive
index shown in the figure indicate that the strongest
inhibition was obtained when treatment was started
at the time of immunization or up to two days before
it. Treatment received before the immunizing antigen
was ineffective, although the dose given was reason-
ably high (2 ED-50). Thus the suppressive effect of
cyclosporin A is rapidly reversible once treatment is
stopped.

These observations are further supported by data
obtained in rats treated daily with 45 mg/kg per os
for 13 weeks. This dose level exerted toxic side effects
and almost completely abolished the direct PFC
response (see Table 1). Six weeks after treatment was
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Figure 1. Duration of the immunosuppressive efect of
cyclosporin A on haemagglutinin production in mice. Groups
of five male mice (SIM and C3H) were treated by gavage with
cyclosporin A (250 mg/kg/day) on 5 consecutive days as
indicated. Immunization was performed on day 0 and serum
titres of each mouse were assessed on day 9 (HAT = haemag-
glutination test). SI = suppressive index expressing the ratio
of the mean titre (-log2) of treated group to that of controls

discontinued, the rats had fully recovered from
toxicity and the numbers of direct PFC per spleen
had returned to normal levels.

Effect of cyclosporin A on antibody formation to
lipopolysaccharide antigens in mice
The immune response in homozygote 'nude' mice to
LPS antigens may be assumed to represent a model
in which predominantly or perhaps exclusively B
lymphocytes are involved. The results presented in
Table 4 demonstrate that doses of cyclosporin A
sufficient to cause a clear reduction in haemaggluti-
nin titres (Borel et al., 1976) were not effective in
inhibiting the formation of antibodies in both
normal and 'nude' mice. The failure of this com-
pound to prevent induction of IgM antibodies to
LPS therefore strongly suggests that it does not
directly affect B lymphocytes. These results are also
supported by i/l vitro findings indicating that cyclo-
sporin A does not suppress proliferation of LPS
stimulated spleen cells derived from 'nude' mice,
whereas T cells derived from spleens of normal mice
and stimulated with concanavalin A are inhibited.

Cyclosporin A Number Direct Passive HAT:
mg/kg per os of mice HAT*: SE LPS-coated SE

'Nude' BALB/c
None 11 2 3 12 3
5x200 12 20 12 7

Normal BALB/c
None 5 2.0 13-0
5x200 5 20 114

Groups of five to seven mice were immunized with LPS on
day 0, treated by gavage with cyclosporin A for 5 days and
the anti-LPS titre of each mouse determined in the passive
haemagglutination test on day 6. Titres are expressed in
-log2.

* Direct HAT = direct haemagglutination test measuring
background for natural anti-SE antibodies.
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Figure 2. Suppression of the primary and secondary response

to oxazolone hypersensitivity in mice by cyclosporin A,
azathioprine and cyclophosphamide. In the primary response

male BALB/c and SIM mice were sensitized on day 0 and
treated on days 0-4 inclusive. A secondary response was

elicited 6-7 weeks later and the animals treated on 4 consecu-

tive days prior to the antigenic boost. Each symbol corre-

sponds to the mean value of two to six groups of six to ten
mice each.

Inhibition of the skin hypersensitivity reaction to
oxazolone in mice by cyclosporin A

The suppressive effect of cyclosporin A in a delayed

hypersensitivity model, such as the oxazolone in-
duced skin reaction in mice, is represented in Fig. 2.
The dose-response relationships for both the primary
and secondary response are illustrated. Maximum
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Table 5. Variation in the treatment schedule with cyclosporin A on the primary contact sensitivity reaction to
oxazolone in mice

Cyclosporin A Number Days of treatment
(mg/kg/day) of Suppressive

per os mice 0 1 2 3 4 5 6 7 8 9 index

70 18 + + + + + 0-52
70 16 + + + + + 073
70 1 7 + + + 0 74
70 15 + + + 0-67
70 15 + + + 0-97
70 1 8 + + + 0-98
70 9 + + + 1 10

300 1 7 + + + 0-69
300 1 6 + + + 0-46
300 1 5 + + + 050

Groups of six to ten BALB/c 3 mice were sensitized with oxazolone on day 0 and challenged on day 9, the skin
reaction being evaluated 24 h later.

inhibition of the primary response was attained with
an oral dose of 70 mg/kg/day given five times
starting immediately after sensitization. Using the
same treatment schedule the corresponding doses for
azathioprine and cyclophosphamide were 80 mg/kg/
day orally and 30 mg/kg/day subcutaneously respec-
tively. Higher doses of drugs did not increase
inhibition beyond a suppressive index of about 0 5.
The dose-ratio between the toxic (LD-50 within 3
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weeks) and the pharmacological effect (ED-40,
equivalent to a suppressive index of 0 6) was calcu-
lated. This factor was 10 4 for cyclosporin A, 5 3 for
cyclophosphamide and 3-3 for azathioprine.
The secondary response to oxazolone contact

sensitivity in mice was suppressed to a similar extent
as the primary reaction by all three drugs tested. The
animals were treated on 4 consecutive days prior
to the antigenic challenge, but a strong suppression

200 500 100 200 500 100
CsA Aza CsA Aza

Figure 3. Comparison of the effect of cyclosporin A and azathioprine on bone marrow cell counts and stem cell proliferation in
mice. C57BL/6 6 mice were treated orally on six consecutive days (0-5) with the indicated doses of drug. Two animals of each
group were killed on day 6, 8 and 14 each and the nucleated bone marrow cells counted. Counts from treated mice are expressed
in per cent of the corresponding control counts and shown in the first column of each pair. An assay for colony-forming stem
cells was also performed on the same days using a pool of 106 bone marrow cells per group. After 7 days of culture the colonies
were counted. The number of colony-forming cells derived from treated mice is expressed in per cent of the respective control
and indicated in the second column.
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was also obtained after a single high dose of 300
mg/kg of cyclosporin A administered just before the
oxazolone booster. It should be noted that the
secondary response was inhibited independently of
whether the primary response had been partially
suppressed or not.
An attempt was made to determine a treatment

schedule which would produce an unequivocal
inhibitory effect using a minimal dose of cyclosporin
A given as few times as possible. This was of import-
ance in view of future clinical trials. It is evident from
Table 5 that the standard treatment with 70 mg/kg/
day administered for 5 days following sensitization
achieved a maximal level of inhibition. This same

dose administered on days 5-9 was much less
effective. A small reduction in ear thickness was also
obtained with only 3 x 70 mg/kg if given early after
immunization, i.e. either on days 0-2 or 1-3. A high
dose of 300 mg/kg/day administered three times
every 2nd or 3rd day strongly depressed the skin
reaction. Other treatment schedules (including some
not presented here) proved much less or not effective
at all.

In another similar skin contact sensitivity model
using DNCB (1-chlor-2,4-dinitrobenzene) in guinea-
pigs, i.p. treatment on days 0-4 with either 20 or 50
mg/kg/day of cyclosporin A completely suppressed
the skin reaction on day 10 since no redness nor

swelling were observed.

Inhibition of the tuberculin hypersensitivity reaction in
guinea-pigs by cyclosporin A

The effect of cyclosporin A was also assessed in the
tuberculin type hypersensitivity reaction in guinea-
pigs. In contrast to the oxazolone and DNCB
delayed skin reactions, the animals were not treated
with drug during the entire sensitization phase. The
first dose of the drug was given at the time of tuber-
culin challenge which followed the sensitizing dose
of BCG by 4-6 weeks. Doses of 80 or 100 mg/kg
injected i.p. 0-5 h before and 6 h after antigenic
challenge considerably impaired the hypersensitivity
reaction to tuberculin in guinea-pigs. This effect was
reproducible (Table 6). The lower dose of 2 x 50
mg/kg produced variable results. A single dose given
either before or after tuberculin challenge displayed
no significant inhibitory effect.

Phenylbutazone failed to depress this skin reaction
significantly at 2 x 50 mg/kg given i.p. although this

Table 6. Inhibition of the tuberculin hypersensitivity reaction
in the guinea-pig by cyclosporin A, phenylbutazone and
azathioprine.

Per cent deviation
Drug and Dose Number from controls in
treatment (mg/kg) of skin thickness
schedule i.p. animals

24 h 48 h

Cyclosporin A
-0-5h 100 8 +13 -19
+6 h 100 8 +34(1) -25
-0 5 and 6 h 2x 50 6 -21 - 6
-05 and 6 h 2x 50 8 -17 - 33")
-0 5 and 6 h 2x 50 8 _ 44(2) - 56(3
-0 5 and 6 h 2x 80 7 -62 (4) -87M
-0-5 and 6 h 2x 100 7 -62(3) -71(2)
-0 5 and 6 h 2x 100 7 -63(4) -82 (4

Phenylbutazone
-05 and 6 h 2x 50 7 -31 - 8
-05 and 6 h 2x 100 8 -12 -16
Azathioprine
-0S5 and 6 h 2x 100 8 -62(4) -61(3)

Outbred guinea-pigs were sensitized with BCG in Freund's
complete adjuvant and left untreated for 5-6 weeks before
receiving a tuberculin challenge. The animals were treated
with drug only at the time of challenge as indicated above. A
total of thirty-eight animals treated with tragacanth served
as controls. The average increase of skin thickness is com-
pared to the original measurement before challenge and the
mean increase of each group expressed in percentage of the
mean increase of the corresponding control group. The
statistical significance is determined according to Student's
t-test.

* These data are derived from five similar experiments.
(1) P<0-05; (2) P<0-025; (3) P<0005; (4) P<0-0025;
(5) P< 0 0005.

dose would be expected to show good anti-inflamma-
tory activity. Even the very high dose of 2 x 100
mg/kg which produced severe side effects, failed to
significantly reduce the swelling at the reaction sites.
Azathioprine clearly impaired the hypersensitivity
reaction at 2 x 100 mg/kg, but deaths were recorded
within the following 2 weeks.

It therefore appears that the suppressive effect of
cyclosporin A in this particular test system differs
from the anti-inflammatory action of phenylbuta-
zone. The inhibition caused by cyclosporin A seems
to affect mainly the effector cells and was achieved at
well-tolerated doses, which is in contrast to the
toxicity associated with effective doses of azathio-
prine.
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Side effects of cyclosporin A on bone marrow cell
counts and stem cell proliferation in mice

Most immunosuppressive agents cause severe

depression of myeloid tissues. Therefore, the effect of
cyclosporin A on bone marrow cell counts and on

stem cell proliferation was investigated in mice and
compared with that of azathioprine. The results
shown in Fig. 3 have been confirmed in another
similar experiment not shown here. The lower dose
of cyclosporin A (200 mg/kg), which when given only
five times produced suppressive indices of 0-6 in the
haemagglutination inhibition test (Borel et al., 1976)
and about 0 5 in the oxazolone hypersensitivity
reaction (Fig. 2), did not induce biologically signi-
ficant bone marrow depletion. The higher dose (500
mg/kg), which corresponds to the LD-30 (death
within 3 weeks), reduced the number of bone marrow
cells by 30% on day 6 only. For comparison, the
dose of azathioprine used, which was equipotent to
the lower dose of cyclosporin A in the haemaggluti-
nation inhibition test, diminished cell counts by 83%
on day 6 and by 95% on day 8, but produced a

rebound increase of 73% on day 14. A similar course

of variation with the same dose of azathioprine has
been previously reported for thrombocytes in the
BALB/c mouse strain (Borel et al., 1976).

Considering the number of granulocyte, monocyte
and mixed cell colonies present after treatment with
cyclosporin A, the number and proliferative capacity
of haemopoietic stem cells never appeared impaired
with either dose. In contrast to cyclosporin A,
azathioprine not only proved highly myelotoxic, but
in addition severely depleted colony-forming bone
marrow stem cells. This inhibition ranged from 99%
on day 6-77% on day 14. Thus, the absence of
deleterious effects on the haemopoietic organs found
with even toxic doses of cyclosporin A further
supports the concept of its selective action on

lymphoid cells.

DISCUSSION

The fungus metabolite cyclosporin A is a small
peptide with a novel chemical structure. This agent
exhibits interesting antilymphocytic properties since
it seems to act selectively in those test systems in
which lymphoid cells are believed to be predominant-
ly involved. It has been demonstrated to possess a

marked immunosuppressive action in many experi-
mental models for both humoral and cell-mediated

immunity in several animal species. It also strongly
depresses chronic inflammation, but fails to affect
the acute inflammatory reaction.
The immune response can be effectively reduced

by a single high dose of cyclosporin A, by a small
number of repeated doses (Tabie 5 and Borel et al.,
1976) or by prolonged treatment (Table 1). Long-
term daily administration to rats for 13 weeks did
not induce tolerance to the compound. Similar
results were obtained in a 13 weeks oral toxicity
study in rhesus monkeys in which on the last day of
drug administration the proliferative capacity of
spleen cells to respond to mitogenic stimulation was
reduced by 40% compared to control values (unpub-
lished results). An interesting property of this com-
pound is the very rapid reversibility in vivo of its
inhibitory effect in the haemagglutination test.
Immunization 24 h after a 5-day treatment period
with strongly suppressive doses yielded normal
haemagglutinin titres in mice (Fig. 1). Cyclosporin
A has, in addition, been shown to depress not only
the primary response, but also the secondary
response of both IgM and IgG2a PFC (Tables 2 and
3), oxazolone hypersensitivity (Fig. 2) and cell-
mediated cytotoxicity to mastocytoma cells (Borel,
1976). The failure of this agent to inhibit antibody
formation to LPS antigens (Table 4) strongly sug-
gests that it does not affect B lymphocytes.
Though cyclosporin A appears to impair T-cell

functions, its mechanism of action remains to be
unravelled. From the many treatment schedules
studied (Table 5 and Borel et al., 1976), it is evident
that cyclosporin A affects the early stage of mitogenic
triggering of immunocompetent lymphoid cells.
(Borel & Weisinger, 1977). In vitro results support this
assumption. The compound must be administered
during the sensitization phase in order to elicit im-
munosuppression in experimental systems such as
anti-body formation to SE or in various cell-mediated
reactions. This suggests a direct action of the drug on
used in cells. Other treatment schedules, i.e. those the
T-helper the tuberculin test (Table 6) or the therapeutic
treatment of the Freund's adjuvant arthritis (Borel et
al., 1976), also indicate an effect on T-effector cells.
However, the situation is far from clear and opinions
differ as to which cell types are affected in the differ-
ent models used. The memory cells may also be
inhibited as observed by the depression of the
secondary response in at least three systems. It is not
yet known whether the suppressor cells are affected
by the drug.
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The ratio between the doses inducing toxic and
pharmacological effects demonstrates the relatively
wide safety margin for cyclosporin A compared to
reference compounds in the haemagglutination test
(Borel et al., 1976) and oxazolone hypersensitivity
reaction. This would explain the lack of side effects
observed with this agent in all species so far studied.
The data obtained from haematological investiga-
tions and from the graft-vs-host reaction reported
earlier (Borel et al., 1976) as well as from in vitro
experiments (to be published) confirm the very mild
myelosuppressive effect of this compound which
occurs only in toxic doses and consists mainly in a
transient lymphopenia. Bone marrow cell counts
performed on various days after even extremely high
doses revealed only marginal reductions in cell
number, whilst proliferation of bone marrow stem
cells (CFC) was either normal or enhanced (Fig. 2).
For comparison, azathioprine used in the lower
equipotent dose to cyclosporin A, produced a
transient, though serious depletion of bone marrow
cells and affected most severely the number and
function of stem cells.

In contrast to other compounds exerting immuno-
suppressive activity, cyclosporin A does not appear
to exert generalized overt cytotoxicity. Its action
seems rather specifically directed towards the early
stage of lymphoid cell transformation without
obvious concomitant cytotoxicity for non-stimulated
lymphocytes. A compound like cyclosporin A,
therefore, represents a potential tool for controlling
various pathological events in which undesired
lymphocyte functions are suspected.
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